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Abstract:  LiteSteel beam (LSB) is a new cold-formed steel hollow flange channel beam. The 
unique LSB section is produced by a patented manufacturing process involving simultaneous 
cold-forming and dual electric resistance welding. To date, limited research has been 
undertaken on the shear buckling behaviour of LSBs with torsionally rigid, rectangular 
hollow flanges. For the shear design of LSB web panels, their elastic shear buckling strength 
must be determined accurately including the potential post-buckling strength. Currently the 
elastic shear buckling coefficients of web panels are determined by assuming conservatively 
that the web panels are simply supported at the junction between the flange and web elements. 
Therefore finite element analyses were carried out to investigate the elastic shear buckling 
behaviour of LSB sections including the effect of true support conditions at the junction 
between their flange and web elements. An improved equation for the higher elastic shear 
buckling coefficient of LSBs was developed and included in the shear capacity equations of 
Australian cold-formed steel codes. Predicted ultimate shear capacity results were compared 
with available experimental results, both of which showed considerable improvement to the 
shear capacities of LSBs. A study on the shear flow distribution of LSBs was also undertaken 
prior to the elastic buckling analysis study. This paper presents the details of this investigation 
and the results including the shear flow distribution of LSBs. 
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1. Introduction 
 
In recent times cold-formed and thin-walled steel sections have been used extensively in 
residential, industrial and commercial buildings as primary load bearing members. LiteSteel 
Beam (LSB) is a new cold-formed steel hollow flange channel beam produced by OneSteel 
Australian Tube Mills (see Figure 1). It has a unique shape including two rectangular hollow 
flanges, and is manufactured using dual electric resistance welding and automated continuous 
roll-forming technologies. It has the beneficial characteristics of including torsionally rigid 
closed rectangular flanges combined with economical fabrication processes from a single strip 
of high strength steel. The cross-sectional shape of LSB has been designed such that it 
provides higher structural performance compared to other cold-formed steel beams produced 
to date. Its integral benefits of lightweight, strength, and ease of constructability offer a new 
alternative for structural engineers. The LiteSteel beam has a wide range of applications in 
residential, commercial and industrial buildings (Figure 1), and is considered to be on average 
40% lighter than traditional hot-rolled structural sections of equivalent bending strength [1]. 
Table 1 provides the currently available LSB sections and their dimensions. 
 
In the building systems, LSB sections are commonly used as flexural members, for example, 
floor joists and bearers. For LSBs to be used as flexural members, their flexural and shear 
capacities must be known. Recently Anapayan and Mahendran [2] have investigated the 
flexural behaviour and strengths of LSBs by using experimental and numerical studies. 
However, the shear behaviour of LSBs has not been investigated yet. Past research on the 
shear behaviour of beams [3,4] has been restricted to plate girders. Therefore in this research 
the elastic shear buckling behaviour of LSB sections was investigated using finite element 
analyses including the effect of true support conditions at the junction between their flange 
and web elements. The results were then used to develop an equation for their elastic shear 
buckling coefficients and assess the ultimate shear capacity improvement based on the current 
shear design rules. Predicted ultimate shear capacity results were compared with available 
experimental results [5]. A detailed study into the shear flow distribution of LSBs was also 
undertaken prior to the elastic buckling analysis study. This paper presents the details of this 
research into the elastic shear buckling and shear flow characteristics of LSBs and the results. 
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2. Shear Flow Distribution in LiteSteel Beams 
 
The shear flow (q) in a given cross section can be determined by the well known shear flow 
equation. Since the shear flow distribution in LSB is different to that in other conventional 
open cold-formed steel members, theoretical analyses were undertaken to investigate the 
shear flow distribution in LSBs. The shear flow variation of open sections is determined by 
starting from a free edge where shear flow (q) is equal to zero. In LSBs, however, there is no 
free edge. Consequently, the shear flow analysis for LSBs is more complicated than that for 
the open cold-formed steel sections. To commence the analysis, the shear flow is assumed to 
be zero at an arbitrary point. This implies that the section has been "cut" longitudinally at that 
point, thus creating a free edge. The general shear flow equation is then used to find the 
"preliminary" shear flow (qp) distribution along each wall. Preliminary shear flow is based on 
the assumption that shear flow is zero at the selected point. Since this is a bending problem, 
the shear flow should give a zero angle of twist. If the preliminary shear flow (qp) were to be 
solved for the angle of twist, it would not result in zero twist. Therefore the shear flow qp is 
not the true shear flow. To satisfy the zero twist requirement, a constant shear flow of 
unknown magnitude q0 can be found using the angle of twist equation. Having determined qo, 
the shear flow at any point within the LSB hollow flange can be found by simply adding qo to 
the shear flow distribution qp found previously [6]. The shear flow at other points on the LSB 
web element can be found using the general shear flow equation. Figure 2 shows the shear 
flow pattern of one of the LSB sections, 125x45x2.0 LSB, while Figure 3 shows the shear 
flow distribution along its full depth. The shear flows calculated at four points (P1 to P4) on 
the web element are shown in Figure 2. Shear flow calculations for 125x45x2.0 LSB are 
shown in Appendix A. The calculated shear flow distribution of 125x45x2.0 LSB agreed well 
with THIN-WALL analysis results with a deviation of only 0.9% [7]. 
 
In order to compare the shear flows in LSBs with other sections, shear flow analysis of lipped 
and unlipped channel sections were also carried out [7]. Some of the shear flow results are 
compared in Figure 4. In the shear capacity calculations of cold-formed steel members 
including the case of shear yielding, AS/NZS 4600 [8] recommends the use of the depth of 
flat portion of web measured along the plane of the web (d1). It was found that the shear 
stresses are concentrated within the web element of LSB, lipped and unlipped channel 
sections (see Figure 4). Hence the clear height of web (d1) should be used instead of the full 
depth (d) to find the shear capacity of LSB. For LSBs, the use of d1 is recommended as the 
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clear height of web instead of the depth of the flat portion of web measured along the plane of 
the web recommended for cold-formed channel sections. The reasons for this are as follows. 
 LSB has two rectangular hollow flanges, which are likely to increase the shear yielding 
capacity by framing action. 
 Outside of the corners are filled with weld material unlike in cold-formed channel 
sections. 
 Shear buckling occurs within the clear height of web.  
 Although the use of d1 as the depth of the flat portion of web is conservative in estimating 
the shear yield capacity, it is not safe in the case of elastic buckling. 
 Shear behaviour of LSBs and plate girders are very similar (web-flange boundary 
condition and welding process), and for plate girders, clear web height is used in the shear 
capacity calculations.  
 
3.  Elastic Shear Buckling Analysis of LiteSteel Beams 
 
This section describes the development of ideal finite element models to investigate the 
elastic shear buckling characteristics of LiteSteel beams (LSBs). For this purpose, a general 
purpose finite element program ABAQUS [9], which has the capability of undertaking elastic 
buckling analyses of three dimensional structures was used. 
 
3.1 Model Description 
Ideal finite element models of LSBs were developed using ABAQUS Version 6.2 [9]. 
Idealized simply supported boundary conditions were implemented in LSBs under a three–
point loading arrangement. Figure 5 shows the schematic diagram of loading set-up used in 
this study. The developed ideal finite element models were then used to undertake the elastic 
shear buckling analyses of LSBs and determine their elastic shear buckling capacities. 
 
ABAQUS has several element types to simulate the shear behaviour of beams. But among 
those, shell element was selected for the ideal model as it has the capability to simulate the 
shear buckling behaviour of thin steel beams (LSB). The shell element in ABAQUS called 
S4R5 was used to model the shear behaviour of LSBs. This element is thin, shear flexible, 
isometric quadrilateral shell with four nodes and five degree of freedom per node, utilizing 
reduced integration and bilinear interpolation scheme. Other element types, S9R5, S8R5, S4R 
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and S4, were also used in order to compare the accuracy of element type S4R5. It was found 
that the elastic shear buckling capacity of 200x45x1.6 LSB (aspect ratio = 1.0) was 53.1 kN 
when S9R5, S8R5 and S4R5 elements were used while it was 53.2 kN and 53.3 kN, 
respectively, when S4R and S4 elements were used. This shows the negligible difference in 
the elastic shear buckling capacities of LSBs when different element types are used. Since 
S4R5 shell element is computationally more economical, it was used in all the elastic 
buckling analyses of LSBs in this study.   
 
The ideal model of LSBs was developed using their centreline dimensions based on the 
nominal external dimensions given in Table 1. Some researchers modelled the corners 
between various plate elements in their finite element analyses [10]. In order to investigate the 
effect of corners on the shear buckling behaviour of LSBs, some LSBs were modelled with 
and without corners. The corners between the hollow flange and web plate elements were 
included in these models. It was found that the effect of corners on the shear buckling 
behaviour and capacity of LSBs is negligible. For example, the elastic shear buckling 
capacities of 200x45x1.6 LSB and 250x60x2.0 LSB with and without corners were 53.7 and 
53.2 kN and 86.6 and 85.9 kN, respectively (less than 1% difference). Hence the corners were 
not included in the analyses of LSBs. The finite element modelling was carried out using MD 
PATRAN R 2.1 pre-processing facilities using which the model was created and then 
submitted to ABAQUS for the analysis. The results were also viewed using MD PATRAN R 
2.1 post-processing facilities. 
 
3.2 Convergence Study 
 
In finite element analyses, selection of a suitable mesh size and layout is critical. It is 
desirable to use as many elements as possible in the analysis to improve the accuracy of 
results. However, such an analysis will require excessive computer time and resources. In 
order to assess the requirement of a suitable mesh size, a convergence study was first carried 
out for a plate girder subjected to shear as used by Lee et al. [4]. This plate girder is similar to 
125x45x2.0 LSB in terms of its dimensions and these dimensions are: clear web height d1 = 
125 mm, web thickness tw = 2 mm, flange width = 50 mm and flange thickness tf = 4 mm. 
Three different mesh sizes (10mm x 10mm, 10mm x 5mm, 5mm x 5mm) were used to model 
this plate girder. An aspect ratio (a/d1) of one was considered. Idealized simply supported 
boundary conditions were implemented in these plate girder models under a three–point 
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loading arrangement as shown in Figure 5. They were provided along the support and loading 
points. 
 
Figure 6 shows the finite element model of plate girder used in this research. Table 2 
compares the shear buckling coefficient results with those obtained by Lee et al. [4] while 
Figure 7 shows the shear buckling mode of the plate girder. Table 2 results show that the plate 
girder models with a 5mm x 5mm mesh produce results that are closer to Lee et al.’s [4] 
results, i.e., only 0.6% difference. Therefore it was decided that the use of a 5mm x 5mm 
mesh will give sufficiently accurate results for the present study on LSBs in shear.  
 
A convergence study was also undertaken for LSBs to further confirm the adequacy of the 
chosen finite element mesh. It showed that an element size of 5mm x 5 mm gave an accurate 
representation of shear buckling deformations and provided suitable accuracy for all the LSB 
sections.  The geometry and finite element mesh of a typical ideal LSB model is shown in 
Figure 8. 
 
3.3 Material Model and Properties 
 
For the elastic buckling analyses undertaken in this study the elastic modulus E and Poisson’s 
ratio ν were taken as 200,000 MPa and 0.3, respectively.  
 
3.4 Loads and Boundary Conditions 
 
Simply supported boundary conditions were implemented in the LSB models used in this 
research. They were used at the support to provide the following requirements: 
 Simply supported in-plane - Both ends fixed against in-plane vertical deflection but 
unrestrained against in-plane rotation, and one end fixed against longitudinal 
horizontal displacement. 
 Simply supported out-of-plane - Both ends fixed against out-of-plane horizontal 
deflection and twist rotation, but unrestrained against minor axis rotation. 
In order to provide simply supported conditions for the shear panel, following boundary 
conditions were applied at the supports and the loading point. The vertical translation was not 
restrained at the loading point. Table 3 shows the boundary conditions used along the edges of 
the model. 
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Applied loading was based on the shear flows and forces in LSBs to eliminate any torsional 
loading effects. These shear force values were calculated based on the shear flow principles 
given in Section 2 and were assumed to be uniformly distributed throughout the web and 
flange elements. Since the zero shear flow point is located very close to the right hand corner 
of LSB (2.26 mm for 125x45x2.0 LSB as shown in Figure 2) it is simply assumed to be at the 
right hand corner in the shear force calculations for all the LSB sections. Shear force 
calculations for 125x45x2.0 LSB are shown next. 
 
Since the finite element model of 125x45x2.0 LSB consists of 31 nodes in the web element, a 
load of 3100 N was applied to its web element, ie. 100 N on each node. Since the zero shear 
flow point is assumed to be at the right hand corner of LSB, shear forces in the flange 
elements are calculated using Appendix A results for V = 3100 N. They are as follows: Top 
flange (a-b) = 231.57 N (0.0747V), Inside flange (d-c) = 307.83 N (0.0993V), and Right hand 
side vertical flange (a-d) = 20.39 N (0.00658V). The shear force in the right hand side vertical 
element of flange is about 0.7% of the total shear force (V) and hence this small force was 
neglected. However, moments about the shear centre must be balanced in order to get 
accurate results. Hence small changes are made to the flange element shear forces in order to 
balance the moments about the shear centre. Since the moment about the shear centre in this 
case is equal to -1302.62 Nmm (=3100x18.4-231.57x123-307.83x97) based on 125x45x2.0 
LSB dimensions, shear forces in the top and inside flanges were slightly modified as follows. 
Shear force in the top flange (a-b) = 231.57 - 1302.62x231.57
(231.57 307.83)x123 =227.02N  
Shear force in the inside flange (d-c) = 307.83 - 1302.62x307.83
(231.57 307.83)x97 =300.16N 
 
Figure 9 shows the shear flow pattern loading used in the finite element model of 125x45x2.0 
LSB. Here constant shear forces were applied throughout the web as well as the top and 
bottom flanges. Preliminary finite element analyses showed that the effect of using 
approximate shear forces had minimal effect on the elastic buckling analysis results. 
Therefore similar calculations were used for all other LSB sections in their analyses. Figure 
10 shows a typical finite element model of LSB. 
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3.5 Elastic Shear Buckling  
 
3.5.1 General 
 
For a web element with a large depth to thickness ratio, its shear capacity is governed by 
elastic shear buckling. The elastic critical shear buckling stress can be computed using 
Equation 1 if the relevant elastic shear buckling coefficient kv is known [11].  
 
2
1
2
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
 d
tEk wv
cr 
                                                                                              (1) 
where  
d1, tw = Clear height and thickness of web 
kv = Shear buckling coefficient (5.34)  
 
Equation 2 gives the elastic shear buckling capacity of cold-formed steel beams, assuming 
that E = 200,000 MPa and ν = 0.30. 
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Real boundary condition at the juncture of the web and flange elements of steel beams being 
somewhere between simple and fixed condition has been recognized from early days. Usually 
it has been assumed as simply supported or fixed due to lack of means to evaluate it in a 
rational manner.  For example, in the case of plate girders, Basler [12] and Porter et al. [3] 
assumed that the web panel was simply supported at the juncture while Chern and Ostapenko 
[13] obtained the ultimate strength by assuming that the juncture behaved like a fixed support. 
However, Sharp and Clark [14] assumed intuitively that the flange to web boundary condition 
to be half way between the simply supported and fixed conditions for plate girders. 
 
Recent research by Lee et al. [4] has shown that the boundary condition at the flange-web 
juncture in practical designs is much closer to fixity for plate girders. They showed that the 
assumption that the web panel is simply supported at the juncture leads to a considerable 
underestimation of the ultimate shear strength because of the underestimation of the elastic 
shear buckling strength of plate girders. Based on a detailed numerical study of plate girders, 
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Lee et al. [4] proposed the following simple equations for the determination of shear buckling 
coefficients (kv) of plate girder web panels in terms of the shear buckling coefficients of web 
plates with simple-simple (kss) and simple-fixed (ksf) boundary conditions. The latter case 
refers to web panels that have fixed conditions at the web-flange juncture and simply 
supported along the other two edges. Equations 3a and 3b show that the shear buckling 
coefficient of plate girders (kv) is closer to ksf .  
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where  tw, tf  = Thicknesses of plate girder web and flange elements;   
a = Shear span of web panel and a/d1 = Aspect ratio 
 
3.5.2 Elastic Buckling Analysis  
 
In order to obtain the shear buckling coefficient of LSBs, elastic buckling analyses were 
carried out based on the ideal model of LSB developed using ABAQUS with an aspect ratio 
(a/d1) of 1.0 (see Figure 10). It was provided with idealized simply supported boundary 
conditions given in Table 3. S4R5 shell elements were used with a suitable mesh size of 5mm 
x 5mm for the entire cross-section and length of LSB sections. The shear flow based loading 
was applied to prevent any torsional effects. ABAQUS uses the subspace iteration 
Eigenslover in its buckling analyses. Eigenvalues, also known as load multipliers, are 
extracted from this analysis and the lowest values are most important. In the buckling 
analyses of LSBs, 10 buckling mode shapes were considered. The first buckling mode was 
normally an anti-symmetric buckling shape whereas the second buckling mode was normally 
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symmetric. The first buckling mode provided the lowest load multiplier and was thus used in 
all the analyses of LSBs. 
 
Figure 11 (a) shows the typical shear buckling mode of LiteSteel beams. As stated earlier, 
some LSBs were also analysed with corners, which showed negligible differences in their 
shear buckling behaviour and capacities. Figure 11 (b) shows the shear buckling mode of 
200x45x1.6 LSB with corners. Table 4 compares the shear buckling coefficients (kLSB) 
determined from the elastic buckling analyses of LSBs for an aspect ratio of 1.0. kss and ksf  
were determined by using Equations 4 and 5, respectively. Table 4 indicates that kLSB is very 
close to ksf. Therefore the realistic support condition of LSB at the web-flange juncture is 
considered to be closer to a fixed condition. 
 
Figure 12 (b) shows a typical deformed cross section of buckled LSB. Deformed cross-section 
of web panels resemble the buckling mode shape of Eulerian column fixed at both ends. This 
can be compared with the deformation shapes of plates with simply supported and fixed edges 
as shown in Figures 12 (a) and (c), respectively. This observation implies that the boundary 
condition at the flange-web juncture of LSBs is very close to a fixed support condition.  
 
3.6 Shear Buckling Coefficient 
 
Based on the elastic buckling analysis results in Table 4, the following simple equation (Eq.6) 
was developed for the determination of the shear buckling coefficients of LSBs. For this 
purpose the minimum shear buckling coefficient of LSBs of 12.19 from Table 4 was used. 
The values of kss and ksf for a given aspect ratio were determined from Equations 4 and 5, 
respectively. Further elastic buckling analyses were also performed for other non-standard 
LSB sections with varying hollow flange sizes. However, it was found that the minimum 
shear buckling coefficient was 12.19 when the hollow flange sizes are larger than the smallest 
hollow flange (45x15x1.6 mm) used in the currently available LSBs (see Table 1). 
 
)(87.0 sssfssLSB kkkk                                                        (6)     
                     
This equation is similar to that proposed by Lee at al. [4] for the shear buckling coefficient of 
plate girders (Equation 3). Therefore it can be stated that the boundary condition at the flange-
web juncture of LSBs is almost the same as that for plate girders (0.87 versus 0.80 in 
Equations 6 and 3). The proposed shear buckling coefficient equation for LSBs (Equation 6) 
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shows that the boundary condition at the flange-web juncture of LSBs is equivalent to 87% 
fixed condition. Since the level of fixity at the web-flange juncture of LSBs is the same for 
the available LSBs, Equation 6 is applicable for all the aspect ratios ( 1
1

d
a  and 1
1

d
a  ). In 
order to confirm this, further elastic buckling analyses were undertaken for LSBs with an 
aspect ratio of 1.5. Shear buckling coefficients calculated from these elastic buckling analysis 
results also confirmed that flange-web juncture of LSBs is equivalent to 87% fixed condition. 
 
 
4. Proposed Design Formulae for the Shear Strength of LiteSteel Beams 
 
New shear strength formulae were proposed for LSBs based on the current design capacity 
equations in AS/NZS 4600 [8]. They are presented in terms of shear strength (τv) instead of 
shear capacity (Vv) in AS/NZS 4600. The increased shear buckling coefficient given by 
Equation 6 (kLSB) was included to allow for the additional fixity in the web-flange juncture 
instead of kv assumed as 5.34 in AS/NZS 4600. Equations 7 to 9 present the relevant design 
equations when post-buckling strength is not included, where fyw is the web yield stress and 
d1/tw is the ratio of clear height of web to web thickness.  
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Figure 13 shows the new design curves of shear strength (τv) versus d1/tw based on the 
proposed equations for LSBs with different aspect ratios (1, 2, 3, 4 and infinity). It 
demonstrates the significant shear strength improvement for LSBs with an aspect ratio of 1.0. 
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Long span LSBs are being used in practical applications and do not have transverse stiffeners. 
In order to simulate this practical application, the infinity aspect ratio was also considered. 
Figure 14 presents the new design curves based on the proposed equations (Eqs. 7 to 9) for 
the aspect ratio of infinity based on an increased buckling coefficient of 8.5, and compares 
them with the AS/NZS 4600 design equations. Figure 14 shows that the shear capacities 
predicted by the current design rules in AS/NZS 4600 are conservative because AS/NZS 4600 
[8] assumes that the web panel is simply supported at the juncture between the flange and web 
elements and uses a smaller shear buckling coefficient (kv) of 5.34. However in this study it 
was found that the realistic support condition at the web-flange juncture of LSB is closer to a 
fixed support condition. Therefore the assumption considered by Clause 3.3.4 of AS/NZS 
4600 may result in an overly conservative shear design for LiteSteel beams. 
 
In order to assess the accuracy of the proposed shear strength formulae above, their 
predictions were compared with Keerthan and Mahendran’s [5] experimental results given in 
Table 5. Experimental shear capacities were obtained based on testing of LSBs using a three 
point loading arrangement as used in the finite element models (see Figure 5). In Table 5 the 
ultimate shear strengths were calculated by dividing the ultimate failure load by the web area 
d1tw. Figures 15 (a) and (b) show the new design curves based on the proposed shear strength 
equations (Eqs. 7 to 9) for the aspect ratios of 1.0 and 1.5, respectively, and compare them 
with the experimental capacities and AS/NZS 4600 design equations. They show that the 
shear capacities predicted by the current design rules in AS/NZS 4600 are very conservative. 
The proposed design formulae have improved this situation as they include a higher shear 
buckling coefficient kLSB to allow for the additional fixity at the web-flange juncture. 
However, they are also conservative as the potential post-buckling strength has not been 
included. 
 
Plates with a large width to thickness ratio when subjected to direct compression or shear 
undergo elastic buckling at a critical stress value. Analytical studies show that thin plates do 
not collapse when buckling stress is reached, but has considerable post-buckling strength. 
This has been experimentally verified for plates under axial compression and appropriate 
strength formulae have also been developed and included in various codes. However, this is 
not the case for shear loading. Presumably because of lack of experimental evidence on the 
shear capacity of plates without stiffeners, design codes do not include the post-buckling 
strength in shear, and the design shear stress in webs is therefore limited by the elastic 
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buckling capacity [15]. This research has shown that significant reserve strength beyond 
elastic buckling is present and that post-buckling shear strength in LSB can be included in 
their design (see Figures 15 (a) and (b)).  
 
 
5.  Effect of Hollow Flange on the Elastic Shear Buckling Capacity of Beams 
 
The LiteSteel beams provide many structural advantages. There are no free edges and the 
sections have a low width to thickness (b/t) compared with other cold-formed sections, which 
combine to reduce the tendency of the section to buckle locally. The hollow flanges also 
provide a higher torsional stiffness. Since the LSBs have two rigid rectangular hollow flanges, 
the boundary condition at the web-flange juncture is also much close to a fixed condition than 
in the conventional open cold-formed steel members and hot-rolled and welded I-sections. 
The shear buckling coefficient of LSBs is likely to be higher than that of other cold-formed 
steel and I-section beams. In order to demonstrate this, the ideal finite element model 
developed in the earlier sections of this paper was used to analyse the shear buckling 
behaviour of other steel sections of similar sizes (125 mm depth, 45 mm width and 2 mm 
thickness) such as lipped channel section, I-section and plates. Table 6 shows the elastic shear 
buckling coefficients of different beam sections with an aspect ratio of 1.0. 
 
When a section starts to buckle, it can no longer effectively carry load. In traditional cold-
formed steel sections the flanges are free and are more prone to buckling, and therefore do not 
contribute much to shear capacity. The flanges of LSBs do not buckle locally and hence can 
more readily provide higher fixity at the web-flange juncture. Figure 16 shows the different 
beam sections and their shear buckling coefficient while demonstrating the effect of varying 
fixity level at the web-flange juncture. 
 
When we consider the same height beam sections, LSBs have a lower clear height and a 
higher shear buckling coefficient than other conventional cold-formed steel beams and hot-
rolled I-section beams. Therefore their elastic shear buckling strengths are higher than those 
of other conventional cold-formed and hot-rolled steel beams. 
 
6. Conclusions 
 
This paper has presented the details of an investigation into the elastic shear buckling 
characteristics of a recently developed, cold-formed steel hollow flange beam known as 
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LiteSteel Beam (LSB). Currently the elastic shear buckling coefficients and strengths of web 
panels are determined by assuming conservatively that the web panels are simply supported at 
the junction between the flange and web elements. However, it was found that the web-flange 
juncture in LSBs is closer to a fixed support. Numerical analyses based on three-dimensional 
finite element modelling were carried out to investigate the shear buckling behaviour of 13 
different LSB sections. The results were then evaluated to determine the effects of important 
geometric parameters on the resulting support condition at the junction between the flange 
and web elements. Effects of this improved support condition on the shear capacity of LSBs 
has been demonstrated by modifying the current AS/NZS 4600 design equations through the 
inclusion of a higher elastic shear buckling coefficient. A comparison of shear capacities of 
LSBs predicted by the current and modified design rules in AS/NZS 4600 with experimental 
capacities showed that the current shear design rules are very conservative. The modified 
shear design rules have improved this situation. However, they are also conservative as the 
potential post-buckling strength has not been included. Nonlinear finite element analyses are 
being undertaken to investigate the post-buckling behaviour of LSBs in shear and to improve 
the proposed design equations further. 
 
A detailed study into the shear flow distribution of LSBs was also undertaken prior to the 
elastic buckling analysis study, and this paper has presented the calculation methods used and 
the results of shear flow distribution for LSBs and lipped channel beam sections. 
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Appendix A:  Shear Flow Calculations 
 
This section presents the shear flow calculations for 125x45x2.0 LSB.  In these calculations V 
is the shear force and x is the distance from one corner for each plate element. Shear flows are 
calculated assuming a zero shear flow point at the right hand corner of LSB (a) (see Fig.A1). 
  
 
 
 
 
 
 
 
 
A1: Shear Flow in LiteSteel Beams 
Shear flow in the top flange element (a to b) 
 
5
6
VQ V (2x) 61.5q 8.076 10 Vx
I 1.523 10
       
 
Shear flow at point ‘b’, x 43q 0.00347V   
Shear force in (a-b) VVxdxqdx 0747.010076.8
43
0
5
43
0
    
 
Shear flow in the left hand side vertical flange element (b to c) 
 
610523.1
)2/5.61()2(00347.0 
 xxVVq  
Shear flow at point ‘c’, x 13q 0.00441V   
Shear force in (b-c) = VdxxxVVqdx 0517.0
10523.1
)2/5.61()2(00347.0 6
13
0
13
0

   
 
Shear flow in the right hand side vertical flange element (a to d) 
 
610523.1
)2/5.61()2(

 xxVq  
Shear flow at point ‘d’, x 13q 0.000939V   
Shear force in (a-d) = Vdx
xxVqdx 00658.0
10523.1
)2/5.61()2(
6
13
0
13
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Shear flow in the inside flange element (d to c) 
 
ab
c d
= +
q qp q0 
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610523.1
5.48)2(000939.0 
 xVVq  
Shear flow at point ‘c’, x 43q 0.00368V   
Shear force in (d-c) VdxxVVqdx 0993.0
10523.1
5.48)2(000939.0 6
43
0
43
0

   
 
Since the resultant shear flow passes through the shear centre, the section will not twist. The 
constant shear flow q0 is obtained using the following angle of twist equation as A, G and t 
are constants. 
qds   112q0 +0.00658V + 0.0993V – 0.0747V- 0.0517V = 0 
q0  = 0.000183V 
The zero shear flow point in the hollow flange (see Figure 2) is determined using the 
following equation. 
0000183.010076.8 5   VVxq            x = 2.26 mm 
 
The shear flows are calculated by adding q0 and qp values calculated above. These values at 
four points (P1 to P4) on the web element are as follows for V = 1 N:   Point P1 = 0.0033 
N/mm, Point P2 = 0.00424 N/mm, Point P3 = 0.0081 N/mm and Point P4 = 0.00964 N/mm 
(see Figure 3). 
 
The shear force in each element of LSB can be found now using the final shear flows 
calculated above. These shear forces can then be used to determine the location of its shear 
centre using the basic principles as shown in Keerthan and Mahendran [7]. These calculations 
gave the shear centre location at 17.86 mm from the web element for 125x45x2.0 LSB. This 
agrees well with 17.85 mm as determined from THIN-WALL. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 
Figure 1:  LiteSteel Beams and their Applications [1] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Shear Flow of 
125x45x2.0 LSB 
Figure 3: Shear Flow along the Depth in 
125x45x2.0 LSB  
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Figure 4: Shear Flow Distribution in 125x45x2.0 LSB and Lipped Channel 
Section along the Depth 
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Figure 5: Schematic Diagram of Loading Set-up 
a a
d1 
Load 
LSB 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 Figure 6: Finite Element Model of the Plate Girder Used in this Study 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Shear Buckling Mode of the Plate Girder Used in this Study 
(tw= 2mm, tf = 4mm, d1 = 125mm, a = 125mm, Aspect Ratio a/d1 = 1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 8: Geometry and Finite Element Mesh of a Typical LSB 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hollow flange 
Web 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
Figure 9: Shear Flow Pattern Loading (125x45x2.0 LSB) 
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Figure 10: Ideal Finite Element Model of 200x45x1.6 LSB 
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Figure 11: Shear Buckling Mode of 200x45x1.6 LSB (Aspect Ratio = 1.0) 
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Figure 12: Shear Buckling Deformed Shape 
 
 
 
 
 
 
(a) Top and bottom edges 
are simply supported 
(b) 200x45x1.6 LSB (c) Top and bottom 
edges are fixed  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: Shear Strength of LSB versus Clear Web Height to Thickness Ratio 
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Figure 14: Shear Strength of LSB with an Aspect Ratio of Infinity versus Clear 
Web Height to Thickness Ratio 
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(a) Aspect Ratio = 1.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Aspect Ratio = 1.5 
 
 
Figure 15: Shear Strength versus Clear Web Height to Thickness Ratio for LSBs 
with fyw = 430 MPa 
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Figure 16: Effect of Varying Fixity Level at the Web-Flange Juncture of 
Different Beam Sections (Aspect Ratio = 1.0) 
Top and bottom edges are 
simply supported 
kv = 9.34 
125x45x2.0 LSB 
kv = 12.59 
Top and bottom edges are fixed 
kv = 12.60 
125x45x2.0 Lipped Channel 
Beam kv = 10.81 
125x50 Plate Girder Beam 
tw = 1mm, tf = 2mm 
kv = 12.15 
Web-Flange 
Juncture 
 
Table 1: Nominal Dimensions of LSB Sections 
 
 
 
LSB Section 
(External 
Dimensions) 
Depth Flange 
Width 
Flange 
Depth
Thick-
ness 
Corner Radius 
 
d bf df t ro riw 
mm mm mm mm mm mm 
300x75x3.0LSB 300 75 25.0 3.00 4.50 3.00 
300x75x2.5LSB 300 75 25.0 2.50 3.75 3.00 
300x60x2.0LSB 300 60 20.0 2.00 3.00 3.00 
250x75x3.0LSB 250 75 25.0 3.00 4.50 3.00 
250x75x2.5LSB 250 75 25.0 2.50 3.75 3.00 
250x60x2.0LSB 250 60 20.0 2.00 3.00 3.00 
200x60x2.5LSB 200 60 20.0 2.50 3.75 3.00 
200x60x2.0LSB 200 60 20.0 2.00 3.00 3.00 
200x45x1.6LSB 200 45 15.0 1.60 2.40 3.00 
150x45x2.0LSB 150 45 15.0 2.00 3.00 3.00 
150x45x1.6LSB 150 45 15.0 1.60 2.40 3.00 
125x45x2.0LSB 125 45 15.0 2.00 3.00 3.00 
125x45x1.6LSB 125 45 15.0 1.60 2.40 3.00 
* d, bf, df  = External dimensions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Table 2: Comparison of Shear Buckling Coefficient of the Plate Girder used by 
Lee et al. (1995) 
 
 
 
 
 
 
 
 
Table 3: Boundary Conditions Used in the Finite Element Model 
 
 
 
 
 
 
Note: u, v and w are translations while θx, θy and θz are rotations in the x, y and z 
directions, respectively. 0 denotes free and 1 denotes restrained. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mesh Size 
(mm) This Research Lee et al. (1995) 
Difference 
(%) 
10 x 10 12.59 11.95 5.4 
10 x 5 12.14 11.95 1.6 
5 x 5 12.02 11.95 0.6 
Edges u v w θx θy θz 
Left and Right 
(Support) 
0 1 1 1 0 0 
Middle (Loading Point) 1 0 1 1 0 0 
 
 
Table 4: Comparison of Shear Buckling Coefficients of LiteSteel Beams  
(Aspect Ratio = 1.0) 
LSB Section kss ksf kLSB 
125x45x1.6 9.34 12.60 12.58 
125x45x2.0 9.34 12.60 12.59 
150x45x1.6 9.34 12.60 12.57 
150x45x2.0 9.34 12.60 12.58 
200x45x1.6 9.34 12.60 12.19 
200x60x2.0 9.34 12.60 12.57 
200x60x2.5 9.34 12.60 12.58 
250x60x2.0 9.34 12.60 12. 45 
250x75x2.5 9.34 12.60 12.58 
250x75x3.0 9.34 12.60 12.59 
300x60x2.0 9.34 12.60 12.41 
300x75x2.5 9.34 12.60 12.43 
300x75x3.0 9.34 12.60 12.45 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5:  Ultimate Shear Strengths from Keerthan and Mahendran’s [5] 
Experimental Study  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LSB 
Section 
Aspect 
Ratio d1/tw 
Ultimate 
Shear 
Capacity (kN) 
Ultimate 
Shear Strength 
(MPa) 
150x45x2.0 1.0 60.9 68.5 289.8 
200x45x1.6 1.0 105.3 63.6 232.9 
200x60x2.0 1.0 81.2 88.2 279.8 
200x60x2.5 1.0 64.4 119.3 296.4 
250x60x2.0 1.0 106.9 90.1 219.4 
250x75x2.5 1.0 80.1 139.6 276.7 
300x60x2.0 1.0 133.2 93.0 180.0 
300x75x2.5 1.0 99.6 143.7 229.1 
125x45x2.0 1.5 49.1 56.9 308.1 
150x45x1.6 1.5 75.9 45.8 241.6 
150x45x1.6 1.5 75.9 47.0 247.9 
150x45x1.6 1.5 75.9 47.1 248.4 
150x45x2.0 1.5 60.9 58.8 248.7 
150x45x2.0 1.5 60.9 59.5 251.7 
150x45x2.0 1.5 60.9 61.1 258.4 
200x45x1.6 1.5 105.3 54.2 198.5 
200x45x1.6 1.5 105.3 56.8 208.0 
200x60x2.0 1.5 81.2 74.0 234.7 
200x60x2.5 1.5 64.4 110.0 273.3 
250x60x2.0 1.5 106.9 >75.0 >182.5 
250x75x2.5 1.5 80.1 118.9 235.7 
300x60x2.0 1.5 133.2 >75.0 >145.2 
300x75x2.5 1.5 99.6 125.1 199.4 
200x60x2.0 1.6 81.2 79.4 251.9 
200x60x2.5 1.6 64.4 107.9 268.1 
Table 6: Shear Buckling Coefficients of Different Beam Sections with an Aspect 
Ratio of 1.0 
 
 
 
 
 
 
 
 
 
 
 
 
Beam Sections Shear Buckling Coefficient (kv ) 
Plate with simply 
supported edges 9.34 
Lipped Channel Section 
(125x45x2.0) 10.81 
I-Section (125x50) 12.15 
LSB (125x45x2.0) 12.59 
Plate with fixed edges 12.60 
